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Consensus Statement 

Summary: Children in America ~are at an unooceptably hid'! risk 
of developing neurodevelopmental disorders that affect the brain and 
nervous ¥tern including autism, attention deficithypera:tMty di!Drder, 
intellectual disabilities, and other learning and behavioral disabilities. 
Thesare complex disorders with multiple causes--genetic, social, and 
environmental. Theontribution of toxic chemicals to these dis:>rde!s can 
be prewnted. approach: Leadings:ientifiCand medical experts, along 
with children's health acMlca1es, came~ in 2015 under the auspicEs 
of Project TEN DR: Targeting Environmental Neuro-Developmental 
Risl6 to issue a call to caion to redllle widespread expa;ures to chemicals 
that interfere with fetal and children's brain development. Based on the 
availables:ientificeviden!E, the TENOR authors have identifiedprirne 
exanples of toxic chemicals and pollutan1s that increase children's risks 
for neuroclewlopmental disorders. Thesinclude chemicals that are used 
extensM!Iy in oonsumer producls and that have bsxme widespread in the 
environment Some are chemicals to which children and pregnant women 
are regularly expa!E!d, and thE¥ are detected in the bodies of virtually all 
Americans in national su~ condllrted ty the U.S. Centels for Disease 
Control and Preo.urtion. Thlrast majority of chemicals in indlStrial and 
consumer produc1s undergo alma;t no testing for developmental neuro­
toxicity or other health efk1s. con c 1 uSi on: Based on these findings, VIe 

caert that the current ¥tern in the United Sta1es for evaluating s:ientifiC 
evidencE and making health-bai!ed ds:isions about environmental chemi­
cals is fundamentally broken. To help redlllethe UlliDJI!Piably hid'J preva­
leme of neu~opmen1al dis:>rde!s in our children, 111e must eliminate 
or significantlyreduoe expa;ures to chemicals that contribute to these 
conditions. We must adapt a new frclneM>rk for a&lSSing chemicals that 
have the potential to disrupt brain development and ~ the use of 
thale that may 1XJ!e a risk. Thi&onsensus state •lent (¥the foundation 
for Wleloping nmmrnendations to monitor, C&IE!!B, and redllleexpa;ures 
to neurotoxic chemicals. Thesaleasures are urgently needed if 111e are to 
prots:t healthy brain development m that current and Mure gi!lll!rations 
can rea:h their fullest potential. 

A Call to Action 
ThEfEN DR Conrensus Statarent is a call to cction to reduce expo -
sure:; to toxic dlemicals that can contribute to the preJalenre of neuro­
developrrental dis:bilitiES in Arrerica'schildren. ThEfENDRauthors 
~rre that widESplffid exposure:; to toxic chemicals in our air, water, 
food, roil, and consumer products can incra:re the risks for cogniti've, 
behavioral, or social impairment, 26 well 26 specific neurodevelop­
mental dirorders such 26 autiS11 and attention deficit hyperactivity 
disorder (ADHD) (Di Renzoetal. 2015; Goreetal. 2015; L.anph:Er 
2015; Council on Environmental Health 2011 ). This preventable 
threat re:sults from a failure of our industrial and consumer markets 
and re;:JUiatory systems to protect the developing brain from toxic 
chemicals. To lower children's risks for de'veloping neurodevelop­
mental dirorders, policiES and cctionsare ur~tly rrede::l to eliminate 
or significantlyredure exposure:; to thEre dlemicals. Further, if we are 
to protect children, we must o\erhaul how go\ernment ~ncies and 
businE$ cm:ss risks to human health from dlemical exposure:;, how 
chemicals in commerce are regulated, and how scientific evidence 
informs decision making by go\ernment and the privates:ctor. 

Trends in Neurodevelopmental Disorders 
We are wit11E$ing an alarming incre::ee in learning and behavioral 
problems in children. Parents report that 1 in 6 children in the United 
StatES, 17% more than a ciErncleago, have a developrrental dis:bility, 
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including learning diS3bilities, ADHD, autiS11, and other develop­
mental delays (Boyleet al. 2011 ). Ps of 2012, 1 in 10 (> 5.9 million) 
children in the United StatES are EStimated to have ADHD (Bloom 
et al. 2013). Ps of 2014, 1 in 68 children in the Unite::! StatES hcs an 
autiS11 ~trum disorder (ba:e::l on 2010 reporting data) (CDC 2014). 

Theconornic costs a:mciated with neurodeveloprrental disorders 
arest~ing. On~, it costs twice26 much in the United StatES 
to educate a child who hcsa la:ming or de\.eloprrental dis:bility 26 it 
costs for a child who dOES not (Chambersetal. 2004).A IErelltstudy in 
the Europ:an Union found that costsa:mciated with lest IQ points and 
intellEctual dis:bility arising from two catEgOriEs of dlemicals-polybro­
minated diphenyl ether flarreretardants (PBDEs) and organopha;phate 
(OP) p:sticiciES---areEStimated at 155.44 billion eurcs ($169.43 billion 
dollars) annually (Bell~ et al. 2015). A 2009 analysis in tre United 
S1atES found that for every $1 ~t to redureexpcsure:; to IEa:l, a potent 
neurotoxicant,rociety\1\Quld benefit by$17-$221 (Gould 2009). 

Vulnerability of the Developing Brain to Chemicals 

Many toxic dlemicals can interfere with healthy brain de\.eloprrent, 
rome at extremely low le\.€1s of exposure (Adarnkie.rvicz: et al. 2011 ; 
Belli~r 2008; CommittEe on Improving Analysis Approcches Ured 
by the U.S. EPA 2009; Zceller et al. 2012). RES:Erch in the neuro­
scienOES hcs identified "critical windows of vulnerability" during 
embryonic and fetal developrrent, infancy, Early childhood and a::loles­
cence (Lanphear 2015; Lyall et al. 2014; Rice and Barone 2000). 
During thEre winda.~~S of developrrent, toxic dlemical exposure:; may 
cau::e lasting harm to tre brain that interfere:; with a child's ability to 
ra:d1 his or her full potential. 

The de'veloping fetus is continuously expcred to a mixture of 
environmental dlemicals (Mitro et al. 2015). A 2011 analysis of the 
U.S. Centers for Dis:a:e Control and Prevention's (CDC) biomoni­
toring data found that 90% of pre;:Jnantwomen in the United StatES 
ha've detectable levels of 62 chemicals in their bodies, out of 163 
dlemicalsforwhich thewomenwerescrrened (Woodrufut al. 2011). 
Among the dlemicals found in the vest majority of pre;:Jnant women 
are PBDEs, polycyclic aromatic hydrocarbons (PAHS), phthalates, 
perfluorinated compounds, polychlorinated biphenyls (PCBs), 
perchlorate, la:d and mercury (Woodruffet al. 2011 ). Many of thEre 
dlemicals can crce; the pla:enta during pre;:Jnancy and are routinely 
detected in cord blood or other fetal tissues (ATSDR 2011; Brent 
2010; Chen etal. 2013; Lien etal. 2011 ). 

Prime Examples of Neurodevelopmentally Toxic 
Chemicals 
ThiDIIONing I ist providES prime examplES of toxic dlemicals that can 
contribute to learning, behatioral, or intellectual impairment, 26 well 
26 specificneurodevelopmental d irorders such 26 AD H D or autiS11 
spectrum dirorder: 

• Organophosphate (OP) pESticides (Eskenazi et al. 2007; 
Fortenberry et al. 2014; Furlong et al. 2014; Marks et al. 
2010; Rauh etal. 2006; Shelton etal. 2014). 

• PBDE flarneretardants (Chen et al. 2014; Cowell et al. 2015; 
Eskenazi etal. 2013; Herbstman etal. 2010). 

• Combustion-related air pollutants, which ~nerally include 
PAHs, nitrog:m dioxide and particulate matter, and other air 
pollutants for which nitr~ dioxideand particulate matter are 
markers (B:rerraet al. 2013; Cliffordet al. 2016; J:drychow:;ki 
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et al. 2015; Kalkbrenner et al. 2014; Suades-Gonzalez et al. 
2015; Volketal. 2013). 

• LEECI (Eubig et al. 2010; Lanphear et al. 2005; NEEdleman 
etal. 1979). 

• Mercury (Grandja:m et al. 1997; Karcy:set al. 2012; ~iv 
etal. 2012). 

• PCBs (Eubig et al. 2010; Jacobson and Jacobson 1996; 
S::hantzetal. 2003). 

ThEWnited StatES ha5 rEStricted rorre of the production, t.re and 
environrrental rela:B:s of th:re p:rticular chemicals, but there 11133SUIES 

ha.€ tended to be too I ittle and too late. We fcre a crisis from both 
leg:cyand ongoing exposurES to toxic chemicals. For la:d, OP p:sticides, 
PBDEsand air pollution, communitiES of color and socica:::onomically 
stre:re::l communitiES fcre disproportionately high exposurES and tmlth 
imp:ds(AdamkieNic:z:etal. 2011; E~l etal. 2015; Zotaetal. 2010). 

PoliciES to ban IEa:l from gcroline, paints and other products ha.€ 
b:en SU<X:l:ffiful in lo\1\ering blood la:d le..€1s in the Arrerican popula­
tion (..bnES et al. 2009), yet la:d exposure continUES to be a pra.€11table 
ca.J::e of intellEctual impairrrent, AD H D and mal~ti've behatiors for 
millions of children (CDC 2015). Scientistscgrt:e that there is no S3fe 
le..€1 of IEa:l exposure for fetal or Early childhood c:Eo..€1oprrent (LanphEar 
et al. 2005; S::hnur and .bhn 2014), and studiEs ha.€ docurrented the 
potential for cumulati've and gynergistic tmlth effEctsfrom combined 
exposure to IEa:l and social stremrs (Belli~ et al. 1988; Cory-SlEchta 
et al. 2004). Thus, taking further pra.€11ti'vecctions is imperati've. 

Epidemiological, toxicological, and mechanistic studies have 
together provided evidence that clearly demonstrates or strongly 
sugge;tsneuroc:Eo..€1oprrentaltoxicityfor IEECI, rrercury, OP pESticidES, 
air pollution, PBDEs, and PCBs. The level and type of available 
evidence linking exposures to toxic chemicals with neurodevelop­
rrental dirorders, including the examples in this statement, vary both 
within and among chemical cla:a:s. In light of thisextensi'veevidence 
and continued widESpread exposure, the risks for learning and devel­
oprrental dirorders can likely be IONered through targeted exposure 
reduction, starting with the:eexarnple chemicals. 

Majority of Chemicals Untested for 
Neurodevelopmental Effects 
The examples of developrrental neurotoxic chemicals that we list 
here likely repre::ent the tip of the iceberg. Of the tens of thousands 
of chemicals on the U.S. Environrrental Protection Agency (EPA) 
chemical in'ventory, nearly 7,700 are manufactured or imported into 
the United States at~ 25,000 pounds per year (U.S. EPA 2012). The 
U.S. EPA ha5 identifiednearly 3,000 chemicals that are produced or 
imported at > 1 mi II ion pounds per year (U.S. EPA 2006). 

Only a minority of chemicals hcs bEen evaluated for neurotoxic 
effectsin adults. E\en fa'Ver have b:en evaluated for potential effects 
on brain developrrent in children (Grandjean and Landrigan 2006, 
2014). Further, toxicologicalstudiESand regulatoryevaluationreldom 
address combined effEctrof chemical mixturES, dESpite evidence that 
all peopleareexpaed to d02ensofchemicalsatanygi'ven tirre. 

Need for a New Approach to Evaluating Evidence 
Our failurES to protEct children from harm un<::Ers:ore the urg:nt n:e::l for 
a better apprca::h to c:e.eoping and cm:s:;ing s::ientifice.tid:nce and using 
it to make decisions. We cs a society should be able to take protEcti've 
cction \fv'l"en s::ientifice.tid:nce indicatES a dl:mical is of concern, and not 
\1\eit for Ura:Jui\AXal proofthatadl:mical is causing harm to our children. 

Evidence of neurodeveloprrental toxicity of any type--epidemio­
logical or toxicological or mechanistic-by itrelf should constitute a 
signal sufficiento triwr prioritization and rome le..€1 of cction. Such 
an apprcafl would enable policy makers and regulators to proccti'vely 
test and identify chemicals that are errerging concerns for brain 
developrrent and pra.€11t widESpread human exposurES. 
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Sorre chemicals, like there that disrupt the endocrine system, 
prerent a concern because they interfere with the activity of 
endogenous hormone; that are e:rential for healthy brain develop­
rrent. Endocrine-disrupting chemicals (EDCs) include many pESti­
cides, flame retardants, fuels, and plcsticizers. One clcss of EDCs 
that is ubiquitous in consurrer products are the phthalates. The:e 
are an emerging concern for interference with brain developrrent 
and therefore demand attention (Boas et al. 2012; Ejaredar et al. 
2015; Mathieu-Denoncourtet al. 2015; Miodovniket al. 2014; U.S. 
Consurrer Product S:lfety Commission 2014 ). 

Regrettable Substitution 
Under our current system, when a toxic chemical or category of 
chemicals is fi nallyremo\ed from the market, chemical manufacturers 
often substitutesimi lar chemicals that may paesimi lar concerns or be 
virtually untested for toxicity. Thi~rcctice can rESUlt in "regrettable 
substitution" whereby the cycle of exposurES and ad'v'el'reeffectffitarts 
all o\eragain. The following list providESexarnplesofthiscycle: 

• When the federal governrrent banned some uses of OP 
pESticidES, manufacturers re;ponded by expanding the t.re of 
nEOnicoti noid and pyrethroid pESticidES. Evidence is errergi ng 
that the:e widely ured cla:a:s of pESticidES pae a thlffit to the 
developing brain (Kara et al. 2015; Richardson et al. 2015; 
Shelton et al. 2014). 

• When the U.S. Go\ernrrent reached a voluntary cgrt:errent 
with flarneretardant manufacturers to stop making PBDEs, the 
manufacturers substituted other hal~nated and organophcs­
phate flame retardant chemicals. Many of the:e repla::errent 
flame retardants are similar in structure to other neurotoxic 
chemicals but ha.€ not undergonea:::lffjuate~nt of their 
effEcts on developing brains. 

• When the federal go\ernrrent banned rorre phthalate; in chi 1-
dren's products, the chemical industry re;ponded by replccing 
the oonned chemicals with structurally similar reN phthalatES. 
The:repla::errentsare now under inVEStigation for disrupting 
the endocrine sy.stem. 

Looking Forward 
Our sy.stem for evaluating scientificevidence and making decisions 
about environrrental chemicals is broken. We cannot continue to 
gamble with our children's health. We call for cction now to prevent 
exposures to chemicals and pollutants that can contribute to the 
prevalence of neurodeveloprrental diS3bilitiES in Arrerica'schildren. 

We nEEd to o\erhaul our apprcafl to developing and a:a::J$ing 
evidence on chemicals of concern for brain developrrent. Toward this 
end, we call on regulators to follow scientificguidance for cs::Effiing 
how chemicals affectbrain developrrent, such 26 taking into cccount 
the special vulnerabilitie;of the developing fetus and children, cumu­
lative effects resulting from combined exposures to multiple toxic 
chemicals and strESSOrs, and the leek of a safety thrEShold for many of 
the:e chemicals (CommittEe on Improving Analysis ApproachES Ured 
by the U.S. EPA 2009). We call on businesxs to eliminate neuro­
developrrental toxicants from their supply chains and products, and 
on health profESSionals to integrate knowledge about environmental 
toxicants into patient care and public health prcctice. 

Finally, we call on policy makers to take reriously the nEEd to 
reduce exposures of all children to IEECI-by cccelerating the clean 
up from our pest LreS of lead such 26 in paint and water pipe;, by 
halting the current LreS of IEECI, and by better regulating the industrial 
proa:s9:5 that cat.re reN IEa:l contamination. 

We are confidentthat reducing exposures to chemicals that can 
interfere with healthy brain development will help to lower the preva­
lence of neurodeveloprrental dis:lbi I itiES, and thus enable many more 
children to reach their full potential. 

A 119 

ED_001449_00000077 



TENOR Statement Authors 

Deborah Bennett, PhD 
Associate Professor, Department of Public Health S::iences, S::hool of Medicine, 
University of California, Davis 

David C. Bellinger, PhD, MSc 
Boston Children'sHospital 
Harvard Medical S::hool 
Harvard T.H. Olan S::hool of Public Health 

Unda S. Birnbaum, PhD, DABT, A. T.S 
Director, National Institute of Environmental HealthS::iences, 
Director, National Toxicology Program 

Asa Bradman, PhD, MS 
Associate Director, Center for Environmental Research and Olildren's Health (CIRJ-1) 
Associate Adjunct Professor of Environmental Health S::iences, S::hool of Public 
Health, UCBerkeley 

Aimin Chen, MD, PhD 
Associate Professor, Division of Epidemiology 
Department of Environmental Health 
University of Cincinnati College of Medicine 

Deborah A. Cory-Slechta, PhD 
Professor of Environmental Medicine, Pediatrics and Public Health S::iences; 
Acting Chair, Department of Environmental Medicine; 
Director, University of Rochester Medical S::hool Environmental HealthS::iencesCenter 

Stephanie M. Engel, PhD 
Associate Professor, Department of Epidemiology, 
Gillings S::hool of Global Public Health University of North Carolina, Chapel Hill 

M. Daniele Fallin, PhD 
Sylvia and Harold Halpert Professor and Chair, 
Dept. of Mental Health; Director, Wendy Klag Center for Autism and 
Developmental Disabilities, Johns Hopkins Bloomberg S::hool of Public Health 

Alycia Halladay, PhD 
Chief S::ience Officer, Autism S::ience Foundation, Adjunct, Dept. of 
Pharmacology and Toxicology, 
Rutgers University 

Russ Hauser, MD, SeD, MPH 
Frederick Lee Hisaw Professor of Reproductive Physiology; Professor ofEnvi ronmental 
and O:rupational Epidemiology, Harvard T.H. Chan S::hool of Public Health; Professor 
of O:stetrics, Gynecology and Reproductive Biology, Harvard Medical S::hool 

lrva Hertz-Picciotto, PhD 
Director, UC Davis Environmental Health S::iences Center; Professor, 
Department of Public Health S::iences & Medical Investigations of 
Neurodevelopmental Disorders (MIND) Institute, 
University of California, Davis 

Carol F. Kwiatkowski, PhD 
Executive Director, The Endocrine Disruption Exchange (TEDX) 
Assistant Professor Adjunct, Dept. of Integrative Physiology, University of Colorado, Boulder 

Bruce P. Lanphear, MD, MPH 
Oinician S::ientist, Olild & Family Research Institute, S::::Olildren's Hospital 
Professor, Faculty of Health S::iences, Simon Fraser University, Vancouver, S:::: 

Emily Marquez, PhD 
Staff S::ientist 
Pesticide Action Network North America 

Melanie Marty, PhD 
Adjunct Associate Professor 
University of California, Davis 

Jennifer McPartland, PhD 
Senior S::ientist 
Environmental Defense Fund 

Craig J. Newschaffer, PhD 
Director, A.J. Drexel Autism Institute 
Professor, Epidemiology and Biostatistics, 
Drexel University 

A120 

Devon Payne-Sturges, DtPH 
Assistant Professor, Maryland Institute for Applied Environmental Health, 
S::hool of Public Health, 
University of Maryland 

Heather B. Patisaul, PhD 
Professor, Biological S::iences, Center for Human Health and the Environment, 
WM Keck Center for Behavioral Biology, NCState University 

Frederica P. Perera, DrPH, PhD 
Professor of Public Health 
Director, Columbia Center forChildren'sEnvironmental Health; Professor, Dept. 
of Environmental Health S::iences, Mailman S::hool of Public Health, Columbia 
University 

Beate Ritz MD, PhD 
Professor of Epidemiology 
Center for Occupational and Environmental Health 
Fielding S::hool of Public Health, University of California Los Angeles 

Jennifer Sass, PhD 
Senior S::ientist, Natural Resources Defense Council 
Professorial Lecturer, George Washington University 

Susan L. Schantz, PhD 
Professor ofToxicologyand Neuroscience, lllinoisChildren'sEnvironmental 
Health Research Center; Director, Beckman Institute for Advanced S::ience and 
Technology, University of Illinois, Urbana-Champaign 

Thomas F. Webster, DSc 
Professor, Department of Environmental Health, Boston UniversityS::hool of 
Public Health 

Robin M. Whyatt, DtPH 
Professor 8neritus, Department of Environmental Health S::iences, Mai I man 
S::hool ofPublicHealth, Columbia University 

Tracey J. Woodruff, PhD, MPH 
Professor and Director, Program on Reproductive Health and the Environment, 
Dept. of Obstetrics, Gynecology and Reproductive S::iences, University of 
California, San Francisco 

R. Thomas Zoeller, PhD 
Professor of Biology 
Director, Laboratory of Molecular & Cellular Biology, 
University of Massachusetts Amherst 

Laura Anderko, PhD, RN 
Robert and Kathleen S::anlon Endowed Chair in Values Based Health Care & 
Professor, S::hool of Nursing and Health Studies, Georgetown University, 
Director, Mid-Atlantic Center for Children's Health and the Environment 

Carla Campbell, MD, MS, FAAP 
Visiting Clinical Associate Professor of Public Health University ofTexas at 
El Paso 

Jeanne A. Conry, MD, PhD 
Past President, American College of Obstetricians and Gynecologists; Assistant 
Physician in Chief, The Permanente Medical Group 

Nathaniel DeNicola, MD, MSHP, FACOG 
American College of Obstetricians & Gynecologists Liaison to American 
Academy of Pediatrics Executive Council on Environmental Health; Oinical 
Associate in Obstetrics & Gynecology, U. of Pennsylvania 

Robert M. Gould, MD 
Associate Adjunct Professor, Program on Reproductive Health and the Environment, 
Dept. of Obstetrics, Gynecology and ReproductiveS::iences, L.JC:FS::hool of 
Medicine; Immediate Past President, Physicians for Social Responsibility 

Deborah Hirtz, MD 
Professor, Neurological S::iences and Pediatrics 
University of Vermont S::hool of Medicine 

volume 1241 number 71 July 2016 • 8wironmentaiHealthPerspectives 

ED_001449_00000077 



Katie Huffling, RN, MS, CNM 
Director of Programs 
Alliance of Nurses for Healthy Environments 

Philip J. Landrigan, MD, MSc, FAAP 
Dean for Global Health, Arnhold Institute for Global Health; Professor of 
Preventive Medicine and Pediatrics, lcahn S:hool of Medicine at Mount Sinai 

Arthur Lavin, MD, FAAP 
Advanced Pediatrics 
Associate Clinical Professor of Pediatrics 
Case Western Reserve UniversityS::hool of Medicine 

Mark Miller, MD, MPH 
Director, University of California San Francisco Pediatric Environmental Health 
Specialty Unit 

Mark A. Mitchell, MD, MPH 
President, Mitchell Environmental Health Associates 
Chair, Council on Medical Legislation and 
Co-Chair, Commission on Environmental Health 
National Medical Association 

Leslie Rubin, MD 
President, Innovative Solutions for Disadvantage and Disability; Associate 
Professor, Dept. of Pediatrics, MorehouseS::hool of Medicine; Co-director, 
Southeast Pediatric Environmental Health Specialty Unit, Emory University; 
Medical Director, Developmental Pediatric Specialists 

Ted Schettler, MD, MPH 
S::ience Director 
S::ience and Environmental Health Network 

Ho Luong Tran, MD, MPH 
President and CID 
National Council of Asian Pacific Islander Physicians 

Annie Acosta 
Director of Rscal and Family Support Pol icy 
The Arc 

Charlotte Brody, RN 
National Coordinator, Healthy Babies Bright Futures Vice President of Health 
Initiatives, BlueGreen Alliance 

Elise Miller, MEd 
Director, Collaborative on Health and the Environment (a-E) 

Pamela Miller, MS 
Executive Director 
Alaska Community Action on Toxics 

Maureen Swanson, MPA 
Healthy Children Project Director 
Learning DisabilitiesAssociation of America 

Nsedu Obot Witherspoon, MPH 
Executive Director, Children'sEnvironmental Health Network 

American College of Obstetricians and Gynecologists (ACOG) 
PCJ:J3 supports the value of this clinical document as an educational tool (March 2016) 

Child Neurology Society 

Endocrine Society 

International Neurotoxicology Association 

International Society for Children's Health and the Environment 

International Society for Environmental Epidemiology 

National Council of Asian Pacific Islander Physicians 

National Hispanic Medical Association 

National Medical Association 

8wironmentaiHealthPerspectives • vo lume1241 number 71 July 2016 

Addre:s corn:spondence to I. Hertz-Pia:iotto, University of California, Davis, 
Department of Pub I ic Health Sciena:s, MS1 C, One Shields Ave., Davis, California 
USA 95616-8500. Telephone; 530-752-3025. E-mail; ihl:@ucdavis.edu; 
mel is;ara:e689f@gmai I .com 

The views expre:red in this statement are rolely tha:e of the authors and signatories. 
Project TENOR has been supported by grants from the John Merck Fund, 

Ceres Trust, Pa:Eport Foundation, and the National Institute of Environmental 
Health Science; (R13ESJ26504). 

D.B. has rerved es an expert witllE$ in civil litigation ca:e; and criminal ca:e; 

involving exposures to environmental chemicals. He has been paid for there activi­
ties. He has provided opinions for plaintiffs and for defendants, depending on the 
factsoftheca:e. Healrorervedesa paid expertwitllE$tO a Commig;ion of Inquiry 
into lead contamination in Hong Kong's drinking water. A.B. hasrerved es a con­
sultant to nonprofit organizations developing environmental health educational 
curricula for child care programs and has participated es a volunteer member on 
the Board of the Organic Center, a nonprofit organization that provides informa­
tion for s;:ientific rerearch about organic food and farming. CK is employed by 
The Endocrine Disruption Exchange (TEDX), a U.S. 501(c)3 organization that 
oa:esionally provides consultation, le:gal a::sistance, or expert testimony on the 
topic of endocrine-disrupting chemicals. Neither CK nor TEDX stands to gain 
or la:e financially through the publication of this article. This work wessupported 
by private foundations that did not have s;:ientific or editorial input or control. J.S. 
is employed by the Natural Resource; Defenre Council, an environmental non­
governmental organization (NGO) that routinely engages in public adva:acy, lob­
bying, and litigation to expand protections for the environment and public health 
and to enforce existing environmental law.; regulating toxic chemicals, including 
rome of the chemicals identified in this manus;:ript. I.H-P. has received travel reim­
burrements for her rervice on the Scientific Advirory Committee of Autism Speaks, 
in which she provided comments on broad directions for the organization'srea:arch 
programs. She also received payment for reviewing grant propos3ls for the Rea:arch 
Screening Committee of the California Air Resource; Board, which is a branch of 
the California state government involved in air quality regulation. EM. works at 
Pesticide Action Network, an NGO advocating for a farming system that is not 
reliant on pesticides. M.S. is the Director of the Healthy Children Project for the 
Learning Disabilitiesksociation of America. Her pcsition is funded by the John 
Merck Fund, which alro contributed rome of the funding for Project TEN DR. 

Theauthorscertifythat all actual or potential competing financial interestshavebeen 
<Eiared, and the authors' freedom to design, conduct, interpret, and publish rerearch is 
not compromis:d by any contrail ing spoJlS)r esa condition of review and publication. 

RefeRences 

Abt E, Rodricks JV, Levy Jl, Zeise L, Burke TA. 2010. Science and decisions: advancing risk 
assessment. Risk Analysis 30(7):1028-1036. 

Adamkiewicz G, Zota AR, Fabian MP, Chahine T, Julien R, Spengler JD, et al. 2011. Moving 
environmental justice indoors: Understanding structural inftuenceson residential exposure 
patterns in low-income communities. Am J Public Health 101(suppl1 ):S238-S245. 

ATSDR (Agency for Toxic Substances and Disease Registry). 2011. Polycyclic Aromatic 
Hydrocarbons (PAHs): What Are the Routes of Exposure for PAHs? Available: httpJ/www. 
atsdr.cdc.gov/csem/csem.asp?csem=13&po=6 [accessed 7 March 2016]. 

Becerra TA, Wilhelm M, Olsen J, Cockburn M, Ritz B. 2013. Ambient air pollution and autism in 
Los Angeles County, California. Environ Health Perspect 121(3):300-383. 

Bellanger M, Demeneix B, Grandjean P, Zoeller RT, Trasande L. 2015. Neurobehavioral deficits, 
diseases, and associated costs of exposure to endocrine-disrupting chemicals in the 
European Union. J Clin Endocrine! Metab 1(X)(4):1256--12f6. 

Bellinger IX:. 2ill8. Very low lead exposures and children's neurodevelopment.CurrOpin Pediatr 
20(2)172-177. 

Bellinger D, Leviton A, Waternaux C, Needleman H, Rabinowitz M. 1988. Low-levellead 
exposure, social class, and infant development. Neurotoxicol Teratol10(6):497-503. 

Bloom B, Jones Ll, Freeman G. 2013. Summary health statistics for U.S. children: National Health 
Interview Survey, 2012 Vital Health Stat 10(258):1--81. Available: http://www.cdc.gov/nchs/ 
data/series/sr_10/sr10_258.pdf [accessed 24 May 2016]. 

Boas M, Feldt -Rasmussen U, Main KM. 2012. Thyroid effects of endocrine disrupting chemicals. 
Mol Cell Endocrinoi35524D-248. 

BoyleCA Boulet S, Schieve LA, Cohen RA, Blumberg SJ, Yeargin-AIIsoppM, eta!. aJ11. Trends in the 
prevalence of developmental disabilities in U.S children, 1ffi7-2ill8. Pediatrics 127:1034-1042. 

Brent GA. 2010. The impact of perchlorate exposure in early pregnancy: Is it safe to drink the 
water? J Clin Endocrine! Metab 95:3154-3157. 

ax; (Centers for Disease Control and Prevention). 2014. Prevalence of autism spectrum disorder 
among children aged 8 years-autism and developmental disabilities monitoring network, 
11 sites, United States, 2010. MM\1\.RSurveill Summ 63(2):1-21. 

ax:. 2015. Fourth National Report on Human Exposure to Environmental Chemicals, Updated 
Tables, February 2015. Available: http://www.cdc.gov/biomonitoring/pdf!FourthReport_ 
UpdatedTables_feb2015 pdf [accessed 12 January 2016]. 

Chambers JG, Parris TB, Harr JJ. 2004. What Are We Spending on Special Education Services in 
the United States, 1999-2000?Washington, DC American Institutes for Research. Available: 
http://www.csef-air.org/publications/seep/nationai/AdvRpt1.pdf [accessed 25 May 2016]. 

A 121 

ED_001449_00000077 



Chen A, Park JS, Linderholm L, Rhee A, Petreas M, DeFranco EA, eta!. 2013. Hydroxylated 
polybrominated diphenyl ethers in paired maternal and cord sera. Environ Sci Techno! 
47(8):3002-39J8 

Chen A, Yolton K Rauch SA, Webster GM, Hornung R, Sjodin A, eta!. 2014. Prenatal polybromi­
nated diphenyl ether exposures and neurcdevelopment in U.S. children through 5 years of 
age: The HOI'v1EStudy. Environ Health Perspect 122(8):8ffi-832, doi: 10.1289/ehp.1307532. 

Clifford A, Lang L, Chen R, Anstey KJ, Seaton A 2016. Exposure to air pollution and cognitive 
functioning across the life course-a systematic literature review. Environ Res 147(5):38>--398. 

Committee on Improving Risk Analysis Approaches Used by the U.S. EPA, Board on 
Environmental Studies and Toxicology, Division on Earth and Life Studies, National Research 
Council. 2ffil Science and Decisions: Advancing Risk Assessment. Washington, OC:National 
Academies Press. 

Cory-Slechta DA. Virgolini MB, Thiruchelvam M, Weston DD, Sauter MR 2004. Maternal stress 
mcdulates the effects of developmental lead exposure. Environ Health Perspect 112(6):717-DJ. 

Council on Environmental Health of the American Academy of Pediatrics. 2011. Chemical­
management policy: prioritizing children's health. Pediatrics 127(5):983-000. 

Cowell WJ, Lederman SA, Sjodin A, Jones R, Wang S, Perera FP, eta!. 2015. Prenatal exposure 
to polybrominated diphenyl ethers and child attention problems at '!r--7 years. Neurotoxicol 
Teratoi52(Pl 8):14'!>--150. 

DiRenzo GC, Conry JA, Blake J, DeFrancesco MS, DeNicola N, Martin JN, et al. 2015. 
International Federation of Gynecology and Obstetrics opinion on reproductive health 
impacts of exposure to toxic environmental chemicals.lnt J GynecoiObstet 131(3)219-125. 

Ejaredar M, Nyanza EC, Ten Eycke K, Dewey D. 2015. Phthalate exposure and childrens neuro­
development: a systematic review. Environ Res 142(10):51--ffi. 

Engel SM, Bradman A. Wolff MS, Rauh VA, Harley KG, Yang JH, eta!. 2015. Prenatal organo­
phosphorus pesticide exposure and child neurodevelopment at 24 months: an analysis of 
four birth cohorts. Environ Health Perspect 124:822--ffiO, doi: 10.1289/ehp.1400474. 

Eskenazi 8, Chevrier J, Rauch SA, Kogut K, Harley KG, Johnson C, et al. 2013. In utero and 
childhood polybrominated diphenyl ether (PBCE) exposures and neurcdevelopment in the 
CHAMACDSStudy. Environ Health Perspect 121(2)257-262, doi: 10.1289/ehp.1205597 

Eskenazi 8, Marks AR, Bradman A, Harley K Barr DB, Johnson C, eta!. 2007. Organophosphate 
pesticide exposure and neurodevelopmentin young Mexican-American children. Environ 
Health Perspect 115(5):792-lffi, doi: 10 1289/ehp.9828. 

Eubig PA, Aguiar A, Schantz SL. 2010. Lead and PCBs as risk factors for attention deficiU 
hyperactivity disorder. Environ Health Perspect 118(12):1654-1667, doi: 10.1289/ehp.C001852 

Fortenberry GZ, Meeker JD, sanchez BN, Barr DB, Panuwet P, Bellinger D, eta!. 2014. Urinary 
3,5,6-trichloro-2-pyridinol (TCPY) in pregnant women from Mexico City: distribution, 
temporal variability, and relationship with child attention and hyperactivity. lnt J Hyg 
Environ Health 217(2-3):405-412 

Furlong MA, Engel SM, Barr DB, Wolff MS. 2014. Prenatal exposure to organophosphate pesti­
cides and reciprocal social behavior in childhood. Environ lnt 70(9):125-131. 

Gore A, Chappell V, Fenton S, Flaws J, Nadal A, Prins G, eta!. 2015. Executive summary to EI::C-2: 
The Endocrine Society's second scientificstatement on endocrine-disrupting chemicals. 
Endocr Rev 36(6):59'!r-602. 

Gould E 20Jl. Childhocd lead poisoning: conservative estimates of the social and economic benefits 
of lead hazard control. Environ Health Perspect 117(7):1162-1167, doi: 10.12ffi/ehp.cero408 

Grandjean P, Landrigan PJ. 2006. Developmental neurotoxicity of industrial chemicals. Lancet 
368(9553)2167-2178 

Grand jean P, Landrigan PJ. 2014. Neurobehavioural effects of developmental toxicity. Lancet 
Neurol13(3):330-336. 

Grandjean PN, Weihe P, WhiteR', Debes F, Araki S, Yokoyama K eta!. 1997. Cognitive deficit in 
7-year-old children with prenatal exposure to methylmercury. Neurotoxico1Teratol19(6):417-428. 

Herbstrnan J 8, Sjcdin A, Kurzon M, Ledenman SA, JonesRS, Rauh V, eta!. 2010. Prenatal exposure to 
PBCEsand neurcdevelopment.Environ Health Perspect 118(5):712-719,doi: 10.1289/ehp.0901340. 

Jacobson JL, Jacobson SW 1996. Intellectual impairment in children exposed to polychlorinated 
biphenyls in utero. N Eng! J Med 335(11 ):78'!r--789. 

JedrychowskiWA, Perera FP, Camann D, Spengler J, Butscher M, MrozE, eta!. 2015. Prenatal 
exposure to polycyclic aromatic hydrocarbons and cognitive dysfunction in children. Environ 
Sci PollutRes lnt22(5):3631-3639. 

JonesRL, Homa DM, Meyer PA, BrodyDJ, Caldwell KL, Pirkle JL, eta!. 20Jl. Trends in blocd lead 
levels and blood lead testing among U.S. children aged 1 to 5 years, 1988-;Z(X)4. Pediatrics 
123(3) e376-€385 

Kalkbrenner AE Schmidt RJ, Penlesky AC 2014. Environmental chemical exposures and autism 
spectrum disorders: a review of the epidemiological evidence. Curr Probl Pediatr Adolesc 
Health Care44(10)277-318 

KaraM, Yumrutas 0, Demir CF, Ozdemir HH, Bozgeyik I, Coskun S, et al. 2015. Insecticide 

A122 

imidacloprid influencescognitive functions and alters learning performance and related 
gene expression in a rat mcdel. lnt J Exp Pathol96(5):332-337 

Karagas MR, Choi AL Oken E, Horvat M, SchoenyR, Kamai E, eta!. 2012. Evidence on the human 
health effects of low-level methylmercury exposure. Environ Health Perspect 120(6):799-806, 
doi: 10 1289/ehp.1104494. 

Lanphear BP. 2015. The impact of toxins on the developing brain. Annu Rev Public Health 36211-230. 
Lanphear BP, Hornung R, Khoury J, Yo !ton K, Bag hurst P, Bellinger IX:, et al. 2005. Low-level 

environmental lead exposure and children's intellectual function: an international pooled 
analysis. Environ Health Perspect 113(7):894--ffi9. 

Lien GN, Wen TW, Hsieh WS, Wu l(f, Chen Ci, Chen PC. 2011. Analysis of perfluorinatecthemi­
cals in umbilical cord blocd by ultra-high perfonmance liquid chromatography/tandem mass 
spectrometry. J Chromatogr 8 Analyt TechnoiBiomed Life Sci 879(9-10)£41--&16 

Lyall K, Schmidt RJ, Hertz-Picciotto I. 2014. Maternal lifestyle and environmental risk factors for 
autism spectrum disorders. lnt J Epidemiol43(2):443-464. 

Marks AR, Harley K, Bradman A, Kogut K, Barr DB, Johnson C, eta!. 2010. Organophosphate 
pesticide exposure and attention in young Mexican-American children: the Q-lAMACDS 
Study. Environ Health Perspect 118(12):1768-1774. 

Mathieu-Denoncourt J, Wallace SJ, de Solla SR, Langlois VS. 2015. Plasticizer endocrine disrup­
tion: highlighting developmental and reprcductive effects in mammals and non-mammalian 
aquatic species. Gen Comp Endocrinol219:74-<38. 

Miodovnik A, Edwards A, Bellinger DC, Hauser R. 2014. Developmental neurotoxicity of 
ortho-phthalate diesters: review of hurnan and experimental evidence. Neurotoxicology 
41 :112-122, doi: 10.1016/j neuro.2014.01.007 

Mitro SD, Johnson T, Zota AR 2015. Cumulative chemical exposures during pregnancy and early 
development. Curr Environ Health Rep 2(4):367-378. 

Needleman HL, GunnoeC, Leviton A, Reed R, Peresie H, Maher C, eta!. 1979. Deficitsin psycho­
logic and classroom performance of children with elevated dentine lead levels. N Eng! J 
Med 300(13):689-ffi5 

Rauh VA, GarfinkeR, PereraFP, Andrews HF, Hoepner L Barr DB, eta!. 2005. Impact of prenatal 
chlorpyrifos exposure on neurodevelopment in the first3 years of life among inner-city 
children. Pediatrics 118(6):e1845-€1859. 

Rice D, Barone S Jr. 2000. Critical periods of vulnerability for the developing nervous system: 
evidence from humans and animal mcdels. Environ Health Perspect 108(suppl3):511-533. 

Richardson JR, Taylor MM, Shalat SL, Guillot TS Ill, Caudle WM, Hossain MM, eta!. 2015. 
Developmental pesticide exposure reproduces features of attention deficithyperactivity 
disorder. FASEB J 29(5):1960-1972 

Sagiv SK Thurston SW, Bellinger IX:, Amarasiriwardena C, Karrick SA. 2012. Prenatal exposure 
to mercury and fish consumption during pregnancy and attention-deficit/hyperactivity 
disorder-related behavior in children. Arch Pediatr Adolesc Med 166(12):112'!>--1131. 

Schantz SL \Mdholm JJ, Rice IX:. 2003. Effects of Fa3 exposure on neuropsychological function 
in children. Environ Health Perspect 111(3):357 -576. 

Schnur J, John RM. 2014. Childhood lead poisoning and the new Centers for Disease Control and 
Prevention guidelines for lead exposure. J Am Ass Nurse Pract 26(5):238-247 

Shelton JF, Geraghty EM, Tancredi DJ, Delwiche LD, Schmidt RJ, Ritz 8, et al. 2014. 
Neurcdevelopmental disorders and prenatal residential proximity to agricultural pesticides: 
theQ-li\RCEStudy. Environ Health Perspect 122(10):110'!>--1109. 

Suades-GonzalezE, Gascon M, Guxens M, Sunyer J. 2015. Air pollution and neuropsychological 
development: a review of the latest evidence. Endocrinology 156(10):347'!r--3462. 

U.S. Consumer Product Safety Commission. 2014. Report to the U.S. Consumer Product 
Safety Commission by the Chronic Hazard Advisory Panel on Phthalates and Phthalate 
Alternatives. Available: https://www.cpsc.gov/PageFiles/169876/CHAP-RERRT-FINAL.pdf 
[accessed 24 May2016]. 

U.S. EPA (U.S. Environmental Protection Agency). 2006. 2006 Inventory Update Reporting: Data 
Summary. Available: http://www.epa.gov/sites/production/files/documents/2006_data_ 
summary.pdf[accessed <!<! May2016]. 

U.S. EPA 2012. 2012Chemical Data Reporting Results. Available: http://www.epa.gov/chemical­
data-reporting/2012-chemical-data-reporting-results [accessed 24 May 2016]. 

Volk HE, Lunmann F, Penfold 8, Hertz-Picciotto I, McConnell R 2013. Traffic-relatedair pollution, 
particulate matter, and autism. JAMA Psychiatry 70(1 ):71-77. 

Woodruff T J, Zota AR, Schwartz J M. 2011. Environmental chemicals in pregnant women in the 
United States: NHANES 200'!>--2004. Environ Health Perspect 119(6):878-ffi5. 

Zoeller RT, Brown T, Doan L, Gore A, Skakkebaek N, Soto A, eta!. 2012. Endocrine-disrupting 
chemicals and public health protection: A statement of principles from the endocrine 
society. Endocrinology 153(9):4097-4110. 

Zota AR, AdamkiewiczG, Morello-FroschRA. 2010. Are PBDEs an environmental equity concern? 
Exposure disparities by socioeconomic status. Environ Sci Technol44(15):5691-5692. 

volume 1241 number 71 July 2016 • 8wironmentaiHealthPerspectives 

ED_001449_00000077 


